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INVESTIGATIONOF THECWXRACTERISTICSOF ‘THREENACA1-SERIES

NOSEINIJ3TSATSUBCRITICALANDSUPERCRITICALMACHNUMBERS

ByRobertE. PenUeysadNormanF. Smith

SUMMARY

investigationofthecharacteristicsofthreerepresentative—
I?ACAl-seriesnoseinletsovera MachnmiberrangeextendingfromO.4
toO.925hasbeenperformed.in theLangley8-foothigh-speed
windtunnel.

An appreciablemarginwasfoundbetweenthecriticalMachnmnber
endtheMachnm?iberatwhichm abruptriseindragcoefficient
occurred,andthesupercriticaldragrisewasmoreabruptforthenose
inletsofhighercriticalMachnuuiber.

CriticalMaohnunibersestimatedfromlow-speeddatawerefoundto
be conservativeby a smallemountwhenmeasuzmdfroma flatdistribution
endby a lergeamountwhentakenfromsharppressurepeaks.

Theformationof a negativepressurepeakat theinletlipgenerally
resultedin enincreaseindragoverthatassociatedwitha flatpressure
distribution.TheMachnuniberatwhichthesupercriticalwag rise
occurredwasnotappreciablyaffectedby suchpressurepeaksand,
therefore,by inlet-velocityratio.

Thesupercriticsldragriseforallthreenoseinletswasshownby
walmprofileendpressuredistributionstoresultfroma thickeningof
theboundarylqer andfromUrect shocklosses.A reductionofbody
finenessratiofrom8 to 5.5 by removalof a cylindricalsectionof
thebodyledtono significantchangesin thepressuredrag;the
decreaseindrsgmeasuredwasprincipallyduetothechangeinwetted
areaof thebody.

INTRODTJX!ION

Extensivelow-spee~wind-tunneltestsreportedin references1 ad 2
furnishdesi~ datafortheselectionof a noseinletor cowlingwhich
operateswithoutadversecompressibilityeffectsat thedesi~highspeed

.
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oftheairplane,andwhichfulfillstheair-flowrequirementsofthepower .
plantattheminimumvalueof theinlet-velocityratioforwhicha pressure
peakat theinletlipis avoided.Thehi@-speeddesigncriterionusedin
thesereferencesisthenose-inletcriticalMachnuuiber,definedasthe
flightMachnuuiberatwhichsonicvelocityisfirstattainedat SOM
petiton thenoseinlet.hasmuchasthereferencetestswereperformed
lsrgelyatlowspeeds,thevaluesof criticalMachnumberwereobtained
by theoreticalextrapolationofpeaknegativepressuzYM.TheTonE&m&n
theoreticalvariationofpressureswithMachnumber(reference3) wasused
andwasshowninreference1 tobe In goodagreemmtwithe~riment for
pressuredistributionswithno sharplocalpeaks.

Thecritical.Machnuriberrepresentstheupperliml{of theMach
numberrangewfthinwhichadversechen~sin ae?miynmicforcescaused
by compressionshock cannotoccur.However,thecriticalMachnumber
canbe exceededby somefiorementbeforesignificantadversechangesin
theaerodynamicforcesoccur,sincetheenergylossesandpressurerise
througha normalshockarezeroata locelMachnunibrof 1.0endat
firstincreaseslowlyas theMachnumberaheadof theshockisincreased.
‘l?bisdifferencebetweenthecriticelMachnuuiberendtheMachnuniberat
whichadversecompressibilityeffectsarisehasbeenobservedin
numerousairfoilinvestigationsat supercrlticalspeeds.Useofthe
criticalMachnumbercriterionin theselectionof a noseinletor
cowling1sthereforeconservative,sincetheselectionwillhavea
greaterlengthendcriticalspeedthanactuallyrequired.Utilization
of theshortestnoseinletpossiblemaybe desirableforreasonsof
airframweight,ductinglength,stability,pilotvisibility,md lower
minimuminlet-velocityratio.

Theinvestigationreportedinthisyayerwas undertakenforthe
purposeof studyingthecharacteristicsofHACAl-seriesnoseInlets
at supercrltfcalspeedswithspecificinterestin theMachnuniber
incrementin excessofthec“rfticalspeedforwhichthedragcoeffi-
cientremainsnearsubcriticalvalues.Thethreenoseinletschosen
forthetestsrepresenta criticel-speedcrosssectionof the
NACAl-seriesno=einlets.

@
SYMEOIS
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angleof attackofnose-inletcenter
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pointdragcoefficient

externaldrag,pounds
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nose-inletfrontalma, squerefeet

Machnuniber

()P - Po
pressurecoefficient—

%

>eaknegativepressurecoefficient

criticalpressurecoefficient,conesponding
Machnu?iberof1.0

statfcpressure,poundspersquarefoot

(
d.ynemicpressure,poundspersquemfoot *

radius,measuredfromnose-inletcenteritie

maximumnose-inlet

airdensity,slugs

velocity,feet

sxisldistance

Subscripts

o freestream*

per

radius(D/2)

percubicfoot

second

fromnosa-inletentrence

to10CSL

p*
)

1 nose-inletentrance

cr critical.

msx
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KEPARATUSANDM&I!HoDs

NACAF?MNo●, L81Q6

ThemodelsweretestedintheLangley8-foot him-speedtunnelon a
sting-strutsupportsystemschematicallyillustratedinfigurel(a).A
photographof themodelinstdlationi.sp?esentedasfigurel(b).The
nmdelandstrutcross-sectionareasweresuchastopermittherecording
ofvalidtestdatawiththetunnelchokei}sincetheeffectiveminimum
areaof thetunnelairstreemoccurredat thesupportstrut.Accordingly,
thehighestMachnuder ofthetestswasapproximately0.925.

-.
-.

—.

ThethreeNACAl-seriesnoseinletsof S-inchmaximmndiametertested
(fig.2) aredesignatedafterthemethodof~ference1 as theNACA.1-65-oYI,
NACAl-~YIOO,andNACAl-@-200noseinlets.Thefirstnumberinthe
designationrepresentstheseries,thesecondgroupofnumbersspecifies
theinletdiameterinpercentofmeximuidiemeter,andthethirdgzmup
of.numbersspecifies
DesigncriticalMach
fromreference1 for

NACAnose

thenose-inletlengthinper&ntofmaximumdi~ter.
nmiberanddesigu(minimum)inlet-velocityratio
eachnoseinletaregiveninthefollowingtable: *

inlet -Mcr (w’)min
1-65-ow
l-m-loo
1-40-200

Noseinletsofrelati~ely

.
0.700 0.18

979!5 .20
.fm ~-.40,

lowvaluesofdesi~ inlet-velocityratiowere
chosenfortheinvestigationbecauseof thelimitedflowwhichcouldbe
obtainedwiththeductingsystem.

Eachnoseinletwasmountedfortestson a commonfuselage(fig.2).
“Thefuselageconsistedoftwoparts:a removablecylindricalsection,
sndanafterbodyofNACA-111proportions(reference4) Increasedslightly
inlength.Eachremovablenoseinletwasco@ructedwitha cylindrical
sectionofthelengthrequiredtomaintainanover-allmodellength
identicalforthethreenoseinlets.Thecowletemgdelconstituteda
bodyof finenessratio8,intherengeof currentjet-fighterfuselage
proportions.A finenessratioof 5.5, correspondingto jetor.turboprq
nacelleproportions,wasobtainedby removinga portionofthecylindrical
sectionofthefuselage.

As showninfigurel(a),theintetialflowwasductedthroughthe
stingendstrutendintothetestchember.A throttlewsausedto
regulatethemassflow,enda rakeof static-pressureendtotal-pressure
tulesina ventwithroatwasusedtomeasuretheinternalflowfor s-
calculationoftheinlet-velocityratio.Thedraga?.%.singfromthe
externalflowoverthebodywasmeasuredby a wake-surveyrakemounted

T-

onthestinga smeJldistanceaftofthesting-bodyjuncture(fig.1). .

-.
L. =,
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Pressuredistributionsbvertheextefiorsurfacesof eachnoseinletend
afterbodyweremeasuredby a rowofpressureorificesontheuppersurface
intheverticalpleneof qmmetry.

Pressure-distributionmeasurementsweremadeatanglesof attack
of00,1.6°, ma 3.70. Dragmeasum?mentsweremadeotiyat0° angleof
attack.TheaveragevariationofRemoldsnumberwithMachnumberin
the8-foothigh-speedtunnelisgiveninfigure3.

RESULTSANDDISCUSSION

PressureDistrihution

)4achnuniber.-Mach-nunibereffectsonthepressuredistributionsover
thenoseinletsandafterbodiesforzeroangleof attacksreshownin
figure4 forthemaximuminlet-velocityratiopermittedby theinternal
ductingsystem.Figure5 givesthevariationof themsxhumobtainable
inlet-velocityratiowithMachnumberforeachof thethreenoseinlets.
Themaximumvaluesavaila%leatlowMachnumbersforeachinletwere
greaterthanthedesignminimuminlet-velocityratioend,consequently,
highenoughtoprovidetheflat~ressure-distributioncharacteristicof
thel-seriesnoseinlets.Foreaseofreference,thenominalvaluesof
inlet-velocityratiolistedin figure5 willbe usedto denotemsximum
inlet-velocityratio.

Thepressuredistributionsatlowspeedsshowthefavorablepressure-
gredientcharacteristicof thesenoseinletsatvsluesof Wet-velocity
ratiogreaterthenthedesignminimumvalue.The.lowestpressureis
nesrthenosemet maximumdismeter,be~nd whichthepressurerapidly
increasesto a vsluenearthefree-streampressurealongthecylindrical
surfaceofthefuselage.Thepressureagainfallsas thecylindrical .
surfaceterminatesattheafterbodyandfinallyincreasestopositive
valuesnearthesting-afterbodyjuncture.Theshorternoseinletshave
thehigherpeakpressuresaswouldbe expectedfromthelowerdesiga
critics3Machnumbers.As theMachnumberis increased,thenegative
pressurestend,uniformlyto increasenegativelyuntil,whenlocalsonic
velocityisexceeded,a nm~ pronouncedpressurepeakformsnearthe
maximumdismeterandtiefavorablelow-speedpressuregrsdientsteepens.
Shorthorizontalmark onthecurvesindicatethecriticslpressure
coefficientfortheMachm.miberof theparticularcurve.Thereerward
movementof thepressurepeaksof theNACA1-65-ox)endNACA1-50-100
noseinlets(figs.k(a)and4(b))withincreasingMachnuniberin the
supercriticslrange,andthesteeppressurerisefromthesepeaks
signifythefomnationof a supersonicregionterminatedby a compression
shocknearthemarimumdiameter.A compressionshockwasprobably
presenton theI?ACA1-40-200noseinletatthehighestMachnuniber
of0.924(fig.4(c)),butbecauseoftherelativelylowinduced
velocitieson thisnoseinlet,thelossesthroughtheshockaresmall.
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Forallthreenoseinlets,theabsenceofflowseparationat supercritical ,
Machnumbersis indicatedinthemaintenanceof goodpressurerecoveryat
thetailofthebodyfortheentirerangeofMachnumber.

Jh.let-veloci.tyratio.-It hasoftenbeenaasumed,intheabsenceof
hipJ-speeddatato thecontrary,thatthepresenceof sharppressurepeaks
indicatedthatadversecompressibilityeffectswouldoccurifthecorre-
spondingcriticalMemhnumberwasexceeded.Thiseffectwasassumedin
settingup thedesignproceduresof references1 emd2, inthatthelnlet-
velocityratiofs specifiedsufficientlyhightoprecludepressurepeaks
attheinletlip=

Iiuportantqualificationstothisassuredconditionhavebeenfoundin ““
thepresenttests.Figures6, 7, and8 showpressuredistributionsfor
severalvaluesof inlet-velocityratioat subcriticalandsupercriticsJ.
Machnumbersforthethreenoseinlets.At thesubcriticalMachnumbers,
a pressurepeakis shownat theInletlipforeachconfigurationat zero
inletvelocity(figs.6(a),7(a), end8(a)). At supemriticalMaoh
nunders(figs.6(b),y(b),and8(b))~thepresswepeakatthelip
disappearedontheNACA~-65-05aandlfMA1-:X)-100noseinlets.The
minimumpressureoccurrednearthemeximumdimneter,endwasaffected
verylittleby inlet-velocityratio.FortheNACA1-40-200noseinlet,
however,thepressurepeakremainedat theinletlipforzerolnlet-
velocityratio.Althoughtheorificespacingdoesnotpetit a conclu-
siveobservation,itappearslikelythatan immediatecompressionfrom
thispeaktopressurescorreepondlngto subsonicvelocitydidnotoccur.

.

.

Clearly,fortheNACAl-@-0~ andNACA1-X-1OOnoseinlets,
Inlet-velocityratiodoesnotexerttheim~rtsntinfluenceontheshock
lossesenddragat supercritioalspeedswhichhadbeenpretictedfrom
low-speedstudies.A Mrgereffectof inlet-velocityratioonthe
dragof theNACAl-kO-200noseinletat-supercriticelspeedsis inferred
fromthepressuredistributions,sincea considerableeffectof inlet-
velocftyratioon theinducedvelocitiesnearthelipofthisnoseinlet
wasmess-d (fig.~b))o Again)however}thepressuremi.nimumbefore
theahocknearthenose-inletmaximumdimeterwasrelativelyinsen-
sitiveto inlet-velocityl?atlO*

ThevariationofpeaknegativepressureEwithMachnuniberforthe
threenoseinletsisgivenin figure9 forzerosndmsximuminlet-
velocityratio.TheVonli%rmdhtheoreticalvariationofpressurecoef-
ficientisplottedfromthepressurecoefficientsat a Machnmiberof0.4.
ThepeaknegativepressuresoftheNACA1-6.5-050and.NACA1-!50-100nose
inletsat zeroinlet-velocityratioweremeasuredattheinletlipat .
lowMachnumbers,
thepeakpressure
inletremainedat
‘symbolsinfigure

ad nearm&imumdiameterathigherldachnuniber~,while
at zeroinlet-velocityratioforthe?ACAl-h-200,nose

.

thelipthzmu@outtheJ@h numberrange.!Lheflagged
g(b)givethevaluesof theloc+ pressurepeaknew . ,5-

.—
—

-. ..
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+. dimeterforthoseMachnunibersatw~ch pressurepeaksbothat
thelipand.nearmsxhmm@3meterwererecorded.Becauseoftheshort
lengthof theNACA1-65-oznoseinlet,no secondpressurepeeknear
maximumdiameteratthelowerMachnuniberswasobservedforthisnose
itietat zeroinlet-velocityratio(fig.6(a)).

Theeffectofinlet-velocityratioonthepeaknegativepressureof
theNACA1-65-owendNACA1-X-1OOnoseinletsis showntobe smallnear
andabovethecriticalMachntier. Forbluntnoseinletssuchas these,
therefore,considerableerrorcanexistintheestimationofcritical
Machntier fromlow-speedtestsforthelowinlet-velocity-ratiorsnge
whereina yessure

T
eakexistsatthelip. As indicatedbytheflagged

s~bolsoffigure9 b),a mereaccurateestimateof thecriticslMach
numbercenbemadeunderthesecircumstancesby extrapolatingthelow-
speedpressurepeaknearthenose-inletmaximumdiameter,ratherthenthe
sherper(andmorenegative)peakat thelip.

Thevariationof peakpressureswithMachnuniberfortheNACA1-40-200
noseinletareshowninfigu’e9(c)tobe s~lar forthetwoird.et-
velocityratiosshown.Jm constrastwiththeresultsshownforthe
blunternoseinletsof thetests,theeffectof inlet-velocityratioupon
criticslMachnumberforthisnoseinletis large,whichis apparentlya
resultof therelativelythinlipoftheNACA1-40-200noseinlet.

An@_eof attack.-Pressuredistributionsattwopositiveaz@es of
attackareshownfortheNACAl-~-100noseinletin figures10 end11.
A comparisonof thesecurveswiththoseof figure7 indicatesthatthe
effectof positiveengleof attackonpressuredistributionontheupper
surfaceis a smallincreaseofpressureson thecylhxlricalmidsection
sndtiterbodywitha slightdecreaseofpressuresat,andforwardof,
themaximumnose-inletdiameter.b contrastwiththepressuredistrib-
ution at zeroemgleof attack,a pressurepeakattheinletlipis
foundtopersistintosupercriticalspeedsforlowinlet-velocityratio.
Whiletheslightlylowerpressurejustbeforetheshockof thenose
inletatan angleof attackincreasesthepressureriseendenergyloss
throughtheshock,theabsenceof separationis indicatedby thema@tude
ofthepressurerecoveryattheendofthebodyfor3.~ angleof attack
(fig.n(b)).

Finenessratio.-In figures12,13,and14,a comparisonofthe
supc,riticalandsupercriticelpressuredistributionsis givenfortwo
finenessratios.Thelowfinenessratio(5.5)wasobtainedby removing
a cylindricalcentersection2.5dismetersin length(fig.2)0 The
low-fineness-ratiofuselageretaineda cylirdricelcentersectionas
showninthefigure,whichwasof greatestlengthfortheshortestnose
inlet(NAcA1-65-050).LittlechangeInthepressure&Lstributionover
theno6einlets-re-fited
thepresmrerecove~yat

fromthechangeof f--enessratio.Furthermore,
thetailof thefuselageendtheminimumpressure
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b,eforethe
Hence,the
clifference

shockwereaffectedverylfttlebythechan~-offineness
dragmaybe expectedtodifferonlyby theskin-friction
forthetwofinenessratios.

Theveriationofdrag
Inletstestedispresented
andthemaximumavailable.

Drag

ratio. ~,

coefficientwithMachnumberforthethreenose,
infigure15 forinlet-velocityratiosof zero
Also,thedr~ fora uonstentinlet-velocity

ratio of 0.2 1s shownfortheNACA1-4.0-200noseinlet.me external-
dragsoftheNACAl-~-100andNACA1-65-05cnogeinletswereeffected
verylittLeby inlet-velocityratioovertheMachnumberrange.Forthe
NACA1-40-200noseinlet,littlechangeoccurredwhentheinlet-velocity
ratiowasdecreasedfrom0.5to0.2;however,whentheinlet-velocity
ratiowasfurtherdecreasedto zero,atwhichpointa pressurepeakhas
beenshowntoexistthroughtheMachntier ran$e,a si~ficantdrag
increaseresulted.

A comparisonofthedragcharacteristicsofthethreenoseinlets .—
isgivenin figure16forthemaximuminlet-velocityratioof thetests.
Theshortverticalmsrkson thecurvesdenotethecriticalMachnunibers
predictedby theselectionchartof reference1, md thearrowsidentify .—
theactualcriticalMachnumbersreadfromff~e 9. me pre~cted
criticalMachnumbersareseentobe consecrativeby a smallamount
(approximately0.015tOo.025).An appreciablemarginexists,par-
ticularlyfortheNACA1-65-0543andNACA1-50-100noseinlets,between
thecriticalMachnumberandtheMachrnuriberatwhicha significezrtdrag
riseoccurs.

A steeperdragrisewasfoundforthenoseinletsofhigherdesign
criticalMachnumber.As discussedinreference5,thischaracteristic
of thesupercriticaldragriseis associatedwiththebodycontourin
theregionof theshock;thenoseInletsofhighercriticalspeedhave
moregraduallyfairedcontourswitha largerradiusofcurvatureat the
positionof thecompression‘Bhock(nearthemaximumdiameterof the
noseinlet);thevelocitygradientnormaltothesurfaceattheshock
isthereforesnmller,andconsequently,fora givenvelocityat the
surface,theinducedbuperstreemvelocityexbendsfurtherfromthenose-
inletsurface.Whilea specii?ledincrementof@h numberabovethe
crit.icad.doesnotexactlycorrespondto a specifiedlocalsupersonic

—
.-

velocity,theeffectsofthedifferencearemlnarcomparedwiththe
effectsofthebodycontour,and,therefore}fora specifiedincrement

—

ofMachnumberabovethec~tical,theextentoftheshockandthe
total&hocklossessregreaterforthenoseinletsofhighercritical ,~
speed. --

..
Wakeprofilesgivenin figure17forthemsximumInlet-velocity —

ratioofthetestsIllustratethecharacterofthelossesandthechanges
.

‘Q!G3-k ..-——
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whfchoccurwithMachnumber.Theradial.variationofpointdragcoef-
ficientis givenforthelowesttestMachnuuiber,a Machntier nearthe
critical.,endthehi@esttestMachnumber.Thepointdragcoefficient
isa measureof theelemental.dragarisingfromthelocalmomentumdefect
atfiatpoint(reference6). A gradualdecreaseof dragcoefficientwith
Machnuniberis showninfigure16foreachnoseinletup to thecritical
Machnumber.Accordingly,inthewakeprofilesoffigure17,boundsq-
layerlossessmallerthanthoseat thelowestMachnuniberareobserved
fortheMachmmibersnesrcritical.Thisreductionindragcoefficient
isbelievedto resultfromthedecreaseoftheskin-frictioncoefficient
withtheIncreaseofReynoldsnuuiber.TheNACA1-65-050andNACA1-50-100
noseinletsexhibiten extensiveshocklosshtthehighestMachnuniber~
whileonlya verymnsllshocklossis evidentfortheNACA1-40-2CMnose
inlet.Thissmallshocklossendenincreaseofboundsry-layprlosses
overthoseforthecriticalMachntier togethercomprisethesuper-
criticsldragriseshownfortheNACAl-40-2cM3noseinletinfigure16.

Thesignificanceof a *- pressurepeakon a nose-inletlipat
superctiticalspeedsmaybe evaluatedby referenceto thesupercrltical
characteristicsof theNACA1-110-200noseinlet.h figure9(c),itwas
shownthat,fortheNACAl-hO-200noseinlet,thereductionof inlet-
velocityratioto zeroeffectedappreciablechangein thecritical
Machnuziber,sincethepressurepeakraisedatthenose-inletlipat
zeroinlet-velocityratiopersistedto supercriticslspeeds.Thecritical
MachnuniberwasreducedfromO.@ forthemm3muminlet-velocityratio
to0.807forzeroinlet-velocityratio.Thispeakat thelipledto an
increaseof dragat all.Machnumbersoverthedragfora flatpressure
distributionbecauseof theincreasedslclnfriction,butno supercritical
dragrisewasmeasured(fig.15(c))at zeroinlet-velocityratiowhenthe
criticalMachnuniberwasexceededby thelargemarginof0.11.

ThephenomenonJustdiscussedis evidentlymxeconcernedwiththe
boundarylayerthanwithshockor shockeffects.At highvaluesof inlet-
velocityratio,theincreaseindragof theNACAl-kO-200noseinletwhich
occursat M = 0.924 is seenby referenceto figure17(c)toresult
principallyfromincreasedlossesin theboundarylayer.b viewof the
lowdragandthemall adversepressuregradientaftof thenoseof this
body,itappearslikelythatconsiderablelsninarflowefistedatlow
Machnunibers.At themeximumtestMachnuniber,thesteepenedgradient
whichfollowedtheregionof localsupersonicflowon thenoseinlet
(fig.8)evidentlymovedtransitionforward,thusincreasingthedrag.
On theotherhand,theetistenceof a sharppressurepeakat thelip
ofthisneseinletat zerbinlet-velocityratioatallMachnumbers
indicatesthattransitionoccurredwellforwardintheMachnmiberrange
whentheinlet-velocityratiowaszero.Hence,thetransitionshift
andassociateddragincreasewhichoccurredforthehighinlet-velocity-
ratioconditiondidnottakeplace.Further,inas?mzchasessentially
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identicad.shocklossesoccur(fig.18) fcrbothinlet-velocityratiosat
thehi@est-h nmiberendinasmuchasthepressurebeforetheshockis
identic~forthesetwocases(fig.8),e similarrateofdragriseti~t
be expectedforthetwoInlet-velocityratiosatMachnwibersabovethe
hi~estobtainedinthepresenttests.

A comparisonofthedragcharacteristicsofthenoseinletsin conjunc-
tionwithbotiesof twofinenessratiosis showninfigure19. Dragdata
atMachmuibersonlyup toapproxtely therespectivecriticalswezw
obtained.withthelow-fineness-ratiobodiesbecausea ralmof length
adequatetomeasureshocklosses(usedforthehi~-ftieness-ratiotests)
wasnotavailableatthattAJM.Thedragincrementshownbetweenthe
twofinenessratiosisapproximatelythatwhichwouldbe expectedfrom
thechangeofwettedareainvolved.The&creaseofdragcoefficient
withMachnuniberisobsemedtobe lessforthelow-fineness-ratiobody
thenforthehf@-fineness-ratiobody.

Theincreaseinthedragcoefficientof theNACA1-40-200low-fineness-
ratiobodyas theMachnuniberwasficreasedfrcmdo.6to0.75Ispresmned
tobe a resultof theconcomitantincreaseofRepoldsnuniber.?igure20
givesthepressuredistributionsforllaohnunibersinthersngeof the
dragincreaseendinticatesthatchangesinpressuredistributionare
notsufficientlylargetoproauceenincreaseofpressuredragor a
changeinthepositionofthetransitionpoint. TheReynoldsnuxiber
chsngeassociatedwiththeMachnumberIncrease,however,maypossibly
havemovedthetransitionpointforwardfromsomepointA (fig.21)to
somepointB. Becauseofthemoreadversepressuregradientofthehigh-
fineness-ratiobodynearthenose-inletmaximumdismeter,thetransition
pointwasprobablyat soresmoreforwardpositionC, endwaslesssensitive

a

.

—

—

—

toReynoldsnumberthenthetransitionpointof thelow-fineness-ratio
body. (Asdiscussedpreviouslyinthesectionentitled“Dragflfrom
pointC thetransitionpointwas~bsequentQ”movedforwardby theshock
whichformednearmsximumdtameterat a Machnumberof0.924.)

DESIGNCON~TIOl@

It isdesirableto considertheappl~cationofthe.resultsofthe
presentinvestigationtothedesignofnose~ets, inparticulsrtmthe
desi~proceduressetforthinreferences1 az$i2.

On thebasisofpr@lctingthesupemwiticaldragrise,critical
Machnumberhasbeenshowntobe conservative(fig.L6)_insomecasesby
a considerablemargin.It follows,therefore,thata noseinletmaybe
selectedfora criticalMachnuuibersomewhatlowerthanthedesirefli~t

—.,-

—

—.
—

.

valuewithassuranceoffreedomfromadversecompressibilityeffects.
—

‘If,
in sodoing,thefuselageorbodycanbemadeshorter,a reductiain
ti~ mayresult(fig.19)duesimplyto thereductioninwet~d ~ea.

,
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In caseswherethebodylengthis fixedby otherconsiderations,however,
thelowerInducedvelocitiesoverthenoseinletsofhighercriticalMach
number&e desirabletheuseof a noseinletof as higha criticalMach
nuniberaspossille.Forexample,figure16 showsthata bodywiththe
NACA1-40-200noseinlethas,at subcriticalspeeds,a dregonly75percent
ofthatof thebody(ofthesameover-alllength)withanNACA1-65-ox
noseinlet.

Theflatpressure-distributionchsraoteristicof theNACAl-series
noseinletsis showntopermitattaimentofrelativelylowvaluesof
fuselagedragcoefficient(fig.16)by virtueof lowinducedvelocities
enda pressuregradientoverthenoseinletfavorableto theformationof
a relativelyextensiveltinarboundarylayer.Thechangein thedrag
causedby theformationof a pressurepeakat theinletlipwasgenerally
foundtobe detrimental,althoughinonecase(the,NACAl-~-100nose
inletatMachnmibersabove0.6,fig.l~(b)),theincreaseof dragwas
hueasurably-. Theresultsof theNACA1-40-200nose-inletmeas-
urementslesdto theconclusionthata pressurepeakwhichis formed
atlow-met-velocityratiosat theinletlip,andwhichpersistsinto
supercrtticalspeeds,maynotaffecttheMachnumberof thesupercritical
dragrise,althou@thepressurepeekmaysulstsntiallyreducethe
criticslMachnunber.Furthermore,llttleeffectof sucha pressure
peakon thecharacteristicsof thesupercriticaldragriseshouldbe
expectedinasmuchasidenticalshocklossesendIdenticfipressures
shesdof shockwerefound(figs.8 and18). Theseresultsthusdemon-
stratethattheflatpressuredistributionof-eraa definitesdvsntage
atMachnumbersextendingintothesupercriticalrange.

CONCLUSIONS

Theprincipalconclusions@awn froma studyof thecharacteristics
ofthreeNACAl-seriesnoseinletsatMachnurhersup to0.95 follow:

1.An appreciablemarginexistedbetweenthecriticalMachnumber
andtheMachnuniberatwhichan abruptriseindragcoefficientoccurred.
Thesupercriticaldragrisewasmoreabruptforthenoseinletsof
highercrtical.Machnumber. ●

2. Thenegativepressurepee.kwhichoccurson thenose-inletlipat
low-inlet-velocityratios(belowthedesignvalue)tendstodisappearat
highMachntiersfortheblunternoseinlets,whileconttiuingtoefist
fortheinletswithsharperlips. Consequently,criticalMachnumbers
estimatedfromthesepeaksat lowspeedsmaybe conservativeby a lsrge
amount.CriticalMaohnunibersestimatedfromthenormal(flat)’pressure
distributionor fromthepressureminimumneerthenose-inletmsximum
diameterwerefoundtobe conservativeby a smallamount.
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3.Theformationof a negativepressurepeakat theinletlip
generallyresultedInan increaseindragoverthatassociatedwith

L8LQ6 .

,
a

flatpressuredistribution.~is increa=ewas.minorfortheNAC!A1-65-oIio
smdNACA1-Z-1OOnoseinletsbutappreciablefortheNACA1-40-200n&e-
inlet.

4.TheMachnumberatwhichthesupercriticaldragriseoccurredwas
notappreciablyaffectedby sharppeaksatthelip,and,therefore,by
inlet-velocityratio.

5.Thesupercriti.csldragriseforallthreenoseinletswasshown
by wakeprofilesendpressuredistributionstobe duet~ a thickening
of theboundsrylayersndtodirect&ock losses,ratherthm toshock-
inducedseparation.

6.A reductionof’bodyfinenessratiof~rn8to 5.>(byremov~of -
a portionof thecylindrical.sectionof thebody)ledtono significant
changesinthepressuredrag.Thedecreaseindrag~asuredwasprincipally
dueto thechangeinwettedaxeaof thebody.

.

_ey AeronauticalLaboratory
NationalAdvfsoryCommitteeforAeronautics

LsngleyField,Ta. —-
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